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© Multltum shaft position sensor. 

© The present invention is a shaft position sensor 
for detection of the position of a multiturn shaft. The 
rotation of the multiturn shaft (10) is converted into a 
linear motion via a multiturn screw (15) and a non- 
rotating nut (30), A magnet (40) is mounted on the 
nonrotating nut (30). The linear movement of the 
magnet (40) is converted into an electrical signal 
using one or more magneto resistive structures (70). 
A pair of flux plates (50, 55) is disposed on either 
side of the linear path (45) of the magnet (40) with at 
least one narrow gap (53) opposite one end (43) of 
the linear path (45) of the magnet (40). A single 
N magneto resistive structure (70) is disposed in each 
^such narrow gap (53). An electrical circuit (100) 
^measures the resistance of the one or more mag- 
OOneto resistive structures (70), this resistance varying 
^with magnetic flux, and generates an electrical posi- 
tion signal which indicates the rotary position of the 
N multiturn shaft (10). Linearity in response can be 
provided by a flux shunt (60) which blocks magnetic 
©flu* directly from the magnet (40), control of the 
^distance of the flux plates (50, 55) from the linear 
yjpath of the magnet (40), or varying the magnetic 
permeability of the flux plates (50, 55) with position 
along the linear path (45), for example, by varying 



the thickness (56) of the flux plates (50, 55). 
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MULTITURN SHAFT POSITION SENSOR 



Technical Held of the Invention 

The technical field of the present invention is 
that of shaft position sensors and particularly to 
detect the position of a multiturn shaft device such 
as a steering wheel in a vehicle. 



Background of the Invention 

The present invention is directed to the field of 
shaft position sensors. There is a particular prob- 
lem with shaft position which are to operate on 
multiturn shafts. It is technically feasible to provide 
an unambiguous signal from a shaft encoding de- 
vice to detect the position of a single turn of the 
shaft. However, such is not the case with a shaft 
that can operate through a multiple of turns. 

Often it is desired to provide such an output 
with regard to a multiturn shaft. Such is the case 
with detecting the position of the steering wheel of 
a motor vehicle. Typically a steering wheel can be 
operated for multiple turns from full left turn to full 
right turn. Merely detecting the position of the shaft 
with an ambiguity of a full turn would not unam- 
biguously detect the position of the controlled 
wheels. Thus such a system without more would 
be inadequate to provide an indication of the turn- 
ing of the vehicle. 

This problem can be solved with auxiliary 
equipment as a part of the sensor device. A me- 
chanical reduction gear could be employed to re- 
duce the multiturn movement into movement of 
less than a single turn of a secondary shaft. A shaft 
encoder on this secondary shaft could thus resolve 
the ambiguity. Alternately, a shaft encoder on the 
primary shaft could be connected to an electronic 
system to keep count of the turns both clockwise 
and counter clockwise to provide resolution of the 
ambiguity. Because of drawbacks is these sys- 
tems, such as mechanical backlash in the case of a 
mechanical reduction system and the necessity for 
additional complex circuits for electronic systems, 
there is a need in the art for a simple system to 
unambiguously detect the position of a multiturn 
shaft. 



Summary of the Invention 

The present invention is a shaft position sensor 
for detection of the position of a multiturn shaft. 
Such multiturn shafts are employed, for example, 
in the steering wheel in a vehicle. This invention 
operates in two steps. 



Firstly, the rotation of the multiturn shaft is 
converted into a linear motion. This is accom- 
plished using a multiturn screw and a nonrotating 
nut. The nonrotating nut is mounted on the mul- 
5 titurn screw which rotates in the same fashion as 
the shaft whose position is to be detected. The 
"multiturn screw caused linear motion of "the non- 
rotating nut. 

Secondly, this linear motion is converted into 
to an electrical shaft position signal. In accordance 
with the preferred embodiment of the present in- 
vention, this takes place as a result of varying 
magnetic flux. A magnet, which is preferably a 
permanent magnet, is mounted on the nonrotating 
75 nut and moves with the linear movement of the 
nonrotating nut. The linear movement of the mag- 
net is converted into an electrical signal using one 
or more magneto resistive structures. 

In a first embodiment a single magneto resis- 
tive structure is employed. A pair of flux plates is 
disposed on either side of the linear path of the 
magnet. These flux plates are formed with a narrow 
gap opposite one end of the linear path of the 
magnet. The single magneto resistive structure is 
25 disposed in this narrow gap. The magnetic flux 
from the magnet, as detected by the magneto 
resistive structure in the narrow gap between the 
flux plates, varies with the position of the magnet 
along the linear path. An electrical circuit measures 
30 the resistance of the magneto resistive structure, 
this resistance varying with magnetic flux, and gen- 
erates an electrical position signal which indicates 
the rotary position of the multiturn shaft. 

In a second embodiment a pair of magneto 
35 resistive structures are employed. The pair of flux 
plates are formed with two narrow gaps, one at 
each end of the linear path of the magnet. The 
magneto resistive structures are disposed in re- 
spective narrow gaps. The magnetic flux from the 
40 magnet, as detected by each of the magneto resis- 
tive structures, varies with the position of the mag- 
net along the linear path. The electrical circuit 
measures the difference in resistance between the 
two magneto resistive structures. This difference in 
45 resistance varies with the position of the magnet. 
The electrical circuit generates the position signal 
corresponding to this difference in resistance. 

Linearity in response can be provided by sev- 
eral techniques. A flux shunt is disposed between 
50 the position of a magneto resistive structure and 
the path of the magnet. This ensures that the 
magnetic flux through the magneto resistive struc- 
ture is primarily due to the flux through the pair of 
flux plates and not due to the near field of the 
magnet. The distance of the flux plates from the 
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linear path of the magnet is controlled to provide 
linear resistance response at the magneto resistive 
structure or structures. This provides greater or 
lesser magnetic flux from the magnet within the 
flux plates as the distance is greater or less. A third 
manner to provide linearity in response is to vary 
the magnetic permeability of the flux plates with 
position along the linear path. This variation in 
magnetic permeability can most easily be achieved 
by varying the thickness of the flux plates. 



Brief Description of the Drawings 

The above aspects and objects of the present 
invention can be understood from the following 
detailed description of the invention taken in con- 
junction with the drawings in which: 

FIGURE 1 illustrates the manner of convert- 
ing the multiturn shaft motion into linear motion; 

FIGURE 2 illustrates the magnetic compo- 
nents of a first embodiment of the present inven- 
tion employing a single magneto resistive structure; 

FIGURE 3 illustrates the electrical circuit of 
the first embodiment of the present invention; 

FIGURE 4 illustrates the magnetic compo- 
nents of a second embodiment of the present 
invention employing a pair of magneto resistive 
structures; and 

FIGURE 5 illustrates the electrical circuit of 
the second embodiment of the present invention. 



Detailed Description of the Preferred Embodiments 

Figure 1 illustrates the mechanical portion of 
the present invention which converts the multiturn 
motion of the shaft into linear motion. Multiturn 
shaft 10 is mechanically coupled to the shaft 
whose position is to be detected. This connection 
is in a manner to insure correspondence between 
the rotary motion of the shaft whose position is to 
be detected and multiturn shaft 10. It is feasible 
that multiturn shaft 10 could be formed as a part of 
the shaft whose position is to be detected. Al- 
ternately, multiturn shaft 10 could be coupled to 
such a shaft via a gear or belt system. 

Multiturn shaft 10 includes a thread 15. Moun- 
ted on multiturn shaft 10 at respective ends of 
thread 15 are end stops 20 and 25. End stops 20 
and 25 prevent nonrotating nut 30 from running off 
the ends of thread 15. In the preferred embodiment 
end stops 20 and 25 correspond to the permitted 
range of motion of the shaft whose position is to be 
detected. Magnet 40 is coupled to nonrotating nut 
- 30 via a shaft 35. Magnet 40 is preferably a perma- 
nent magnet. 



It can be seen from Figure 1 that rotary motion 
is converted into linear motion. As multiturn shaft 
10 rotates thread 15 causes nonrotating nut 30 to 
travel linearly between end stops 20 and 25. This 
s in turn causes magnet 40 to move along linear path 
45 between first end 43 and second end 47. The 
linear motion of magnet 40 is employed to gen- 
erate an electrical position signal in a manner de- 
tailed below. 

w Figure 2 illustrates the magnetic components in 
accordance-with-a first embodiment of the present 
invention. Disposed on either side of the path 45 of 
magnet 40 are a pair of flux plates 50 and 55. 
These flux plates 50 and 55 surround the path 45 

is of magnet 40 from first end 43 to second end 47. 
The multiturn shaft 10. thread 15, end stops 20 and 
25 and nonrotating nut 30 are not illustrated in 
Figure 2 for the sake of clarity, however, these 
parts appear below the flux plates 50 and 55 illus- 

20 trated in Figure 2. Flux plates 50 and 55 are 
disposed to create a narrow gap 53 therebetween 
beyond first end 43. Magneto resistive structure 70 
is disposed in this narrow gap 53. A flux shunt 60 
is disposed beyond first end 43 of path 45 between 

25 magneto resistive structure 70 and magnet 40. 

The position of multiturn shaft 10 is detected 
by detecting magnetic flux within narrow gap 53. 
Flux plates 50 and 55, and flux shunt 60 are 
formed of a material high in magnetic permeability, 

30 such as steel. Thus flux plates 50 and 55, and flux 
shunt 60 tend to cause the lines of the magnetic 
field from magnet 40 to follow these structures. As 
illustrated in Figure 2 the distance 57 between path 
45 and flux piate 55 varies with the position along 

35 path 45. The distance of flux plate 50 from path 45 
varies similarly. As a consequence, a greater num- 
ber of magnetic flux lines from magnet 40 touch 
flux plates 50 and 55 when magnet 40 is nearer 
first end 43 of path 45. Because flux plates 50 and 

40 55 are formed of a material high in magnetic per- 
meability, substantially all of these flux lines touch- 
ing flux plates 50 and 55 follow these flux plates 
and consequently appear across narrow gap 53. 
Magneto resistive structure 70 is disposed in nar- 

45 row gap 53 to detect the magnitude of magnetic 
flux. Magneto resistive structure 70 exhibits differ- 
ing electrical resistance in the presence of differing 
magnetic flux intensity. Thus the resistance of 
magneto resistive structure 70 is a measure of the 

so position of magnet 40 along path 45 and hence of 
the position of multiturn shaft 10. 

Rux shunt 60 is provided to increase the lin- 
earity of response between the resistance of mag- 
neto resistive structure 70 and the position of mag- 
55 net 40. Flux shunt 60 serves to block the near field 
magnetism from magnet 40 from reaching magneto 
resistive structure 70 directly, that Is without follow- 
ing flux plates 50 and 55. In the absence of flux 
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shunt 60, magnetic flux from magnet 40 would 
reach magneto resistive structure 70 directly from 
magnet 40, especially when magnet 40 is near first 
end 43. This direct incidence of magnetic flux 
would result in a nonlinear response of the resis- 
tance of magneto resistive structure 70 to the posi- 
tion of magnet 40. 

Further linearity adjustment can be made via 
the distance 57 between path 45 and the flux 
plates 50 and 55.- The shape of the flair in flux 
plates 50 and 55 determines the relationship be- 
tween the position of magnet 40 along path 45 and 
the flux appearing across narrow gap 53. It is 
feasible to provide a nonlinear flair in fiux plates 50 
and 55 to compensate for nonlinearity in the re- 
sponse of magneto resistive structure 70 to mag- 
netic flux. 

Figure 3 illustrates in schematic form the elec- 
trical circuit for detecting the resistance of magneto 
resistive structure 70. In accordance with the 
present invention the magneto resistive structure is 
constructed as a Wheatstone bridge, This enables 
greater sensitivity to any changes in the resistance 
caused by changing magnetic fields. In accordance 
with the present invention a constant current 
source 100 is employed to drive opposite arms 2 
and 4 of the Wheatstone bridge of the magneto 
resistive structure 70. The voltage difference ap- 
pearing across the other pair of arms 1 and 3 is 
measured. The voltage at arm 1 is applied to the 
inverting input of operational amplifier 110 and the 
voltage at arm 3 is applied to the noninverting input 
of operational amplifier 110. Operational amplifier 
110 thus provides a measure of the differential 
resistance within magneto resistive structure 70 at 
output terminal 1 1 5. 

Figure 4 illustrates the magnetic components in 
accordance with a second embodiment of the 
present invention which employs two magneto re- 
sistive structures. Oisposed on either side of the 
path 45 of magnet 40 are a pair of flux plates 51 
and 56. These flux plates 51 and 56 are simiiar to 
flux plates 50 and 55 illustrated in Figure 2. Flux 
plates 51 and 56 are disposed to substantially 
surround path 45 of magnet 40. Flux plates 51 and 
56 create a first narrow gap 54 therebetween be- 
yond first end 43 and a second narrow gap 58 
therebetween beyond second end 47. A first mag- 
neto resistive structure 71 is disposed in the first 
narrow gap 54 and a second magneto resistive 
structure 73 is disposed in the second narrow gap 
58. A first flux shunt 61 is disposed beyond first 
end 43 of path 45 between first magneto resistive 
structure 71 and magnet 40. Likewise a second flux 
shunt 63 is disposed beyond second end 47 be- 
tween second magneto resistive structure 73 and 
magnet 40. . 

The position of multiturn shaft 10 is detected 



by detecting magnetic flux within narrow gaps 54 
and 58. Fiux plates 51 and 56, and flux shunts 61 
and 63 are formed of a material high in magnetic 
permeability, such as steel. Because the fiux plates 
5 51 and 56 substantially surround magnet 40 ihe 
magnet flux from magnet 40 appears across either 
first narrow gap 54 or second narrow gap 58. The 
sum of the magnetic flux at first narrow gap 54 and 
second narrow gap 58 is substantially constant. 
jo -However, the difference in -the magnetic flux- be- 
tween the magnetic flux at first narrow gap 54 and 
the magnetic flux at second narrow gap 58 is 
indicative of the position along path 45 of magnet 
40. Thus the difference in electrical resistance be- 
75 tween the resistance of first magneto resistive 
structure 71 and the resistance of second magneto 
resistive structure 73 is a measure of the position 
of magnet 40 along path 45 and hence of the 
position of multiturn shaft 1 0. 
20 Linearity of response can be controlled in the 
same manner as previously described in relation to 
Figure 2. In particular, first flux shunt 61 and sec- 
ond flux shunt 63 are provided to shield first mag- 
neto resistive structure 71 and second magneto 
25 resistive structure 73, respectively, from magnetic 
flux directly from magnet 40. Figure 4 also illus- 
trates a variable thickness 59 of flux plate 56 which 
can provide additional linearity control. Varying the 
thickness 59 of fiux plates 51 and 56 is a manner 
30 of controlling the magnetic permeability of these 
flux shunts as a function of the position along path 
45. Such control of magnetic permeability provides 
an additional manner to adjust the linearity of the 
response of the sensor. 
35 Figure 5 illustrates schematically the electrical 
circuit for detecting the difference in electrical re- 
sistance between first magneto resistive structure 
71 and second magneto resistive structure 73, and 
hence for detecting the position of multiturn shaft 
40 10. Constant current source 120 drives first mag- 
neto resistive structure 71, which is in turn con- 
nected to operational amplifier 130. Likewise, con- 
stant current source 125 drives second magneto 
resistive structure 73 which is coupled to oper- 
45 ational amplifier 135. These magneto resistive 
structures are connected in the same manner as 
illustrated in Figure 3. The output of operational 
amplifier 130, representing the resistance of mag- 
neto resistive structure 71, is connected to the 
so noninverting input of operational amplifier 140. The 
output of operational amplifier 135, representing 
the resistance of magneto resistive structure 73, is 
connected to the noninverting input of operational 
amplifier 140. Operational amplifier 140 forms the 
55 difference of these two signals. As magnet 40 is 
driven to approach one or the other magneto resis- 
tive structure 71 or 73, the signal of that structure 
increases while the signal of the other magneto 
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resistive structure which magnet 40 is moving away 
from decreases proportionately. Thus the output of 
operational amplifier 145 appearing at output termi- 
nal 145 represents the position of magnet 40 along 
path 45 and hence the position of multiturn shaft 
10. 



Claims 

1. A multiturn shaft position sensor, for detect- 
ing the position of a multiturn shaft comprising: 

a multiturn screw (15) disposed to turn with the 
multiturn shaft (10); 

a nonrotating nut (30) mounted on said multiturn 
screw (15) for linear movement dependent upon 
the turning of said multiturn screw (15); 
a magnet (40) disposed upon said nonrotating nut 
(30) for linear movement along a predetermined 
movement path (45) from a first end (43) to a 
second end (47) with said linear movement of said 
nonrotating nut (30); 

a pair of flux plates (50, 55) formed of a material of 
high magnetic permeability disposed on opposite 
sides of said movement path (45) of said magnet 
(40) having a narrow gap (53) therebetween op- 
posite said first end (43) of said movement path 
(45); 

a magneto resistive structure (70) disposed in said 
narrow gap (53) between said pair of flux plates 
(50, 55) having an electrical resistance dependent 
upon the magnetic flux therethrough; and 
an electrical circuit (100) connected to said mag- 
neto resistive structure (70) for measuring said 
electricaJ resistance' of said magneto resistive 
structure (70) and generating a position signal indi- 
cative of the position of the multiturn shaft propor- 
tional to said electrical resistance of said magneto 
resistive structure. 

2. the multiturn shaft position sensor as 
claimed in claim 1, wherein the multiturn shaft (10) 
is connected to a vehicle steering wheel and said 
position signal indicates the position of the steering 
wheel. 

3. The multiturn shaft position sensor as 
claimed in claim 1 , wherein said magnet (40), is a 
permanent magnet. 

4. The multiturn shaft position sensor as 
claimed in claim 1 , further comprising: 

a flux shunt (60) formed of a material high in 
magnetic permeability disposed between said pair 
flux plated (50, 55) opposite said first end (43) of 
said movement path (45) for shielding said mag- 
neto resistive structure (70) from direct magnetic 
fields from said magnet (40), whereby the magnetic 
flux through said magneto resistive structure (70) is 
. primarily from said pair of flux plates (50, 55). 



5. The multiturn shaft position sensor as 
claimed in claim 1, wherein: 

said pair of flux plated (50. 55) have a distance 
therebetween which increases for portions of said 

5 pair of flux plates which are further from said first 
end (43) of said movement path (45). whereby the 
magnetic flux from said magnet (40) within said 
narrow gap (53) is greatest when said magnet is 
near said first end of said movement path further 

w from said first end of said movement path. 

6. The multiturn shaft position sensor .as. 
claimed in claim 5. wherein: 

said distance between said pair of flux plates. (50. 
55) varies with the distance from said first end (43) 
75 of said movement path (45) whereby said electrical 
resistance of said magneto resistive structure (70) 
changes linearly with the distance of said magnet 
(40) from said first end (43) of said movement path 
(45). 

20 7. The multiturn shaft position sensor as 
claimed in claim 1 , wherein: 
the magnetic permeability of said pair of flux plates 
(50, 55) is varied with the distance from said first 
end (43) of said movement path (45) whereby the 

25 electricaJ resistance of said magneto resistive 
structure (70) changes linearly with the distance of 
said magnet (40) from said first end (43) of said 
movement path (45). 

8. The multiturn shaft position sensor as 
30 claimed in claim 7, wherein: 

said magnetic permeability of said pair of fiux 
plates (50. 55) is varied by varying the thickness 
(59) of said fiux plates (50, 55) with the distance 
from said first end (43) of said movement path 
35 (45). 

9. A multiturn shaft position sensor for detect- 
ing the position of a multiturn shaft comprising: 

a multiturn screw (15) disposed to turn with the 

multiturn shaft (10); 
40 a nonrotating nut (30) mounted on said multiturn 

screw (15) for linear movement dependent upon 

the turning of said multiturn screw (15); 

a magnet (40) disposed upon said nonrotating nut 

(30) for linear movement along a predetermined 
45 movement path (45) from a first end (43) to a 

second end (47) with said linear movement of said 

nonrotating nut (30); 

a pair of flux plates (51, 56) formed of a material of 
high magnetic permeability disposed on opposite 

so sides of said movement path (45) of said magnet 
(40) having a first narrow gap (54) therebetween 
opposite said first end (43) of said movement path 
(45) and a second narrow gap (58) therebetween 
opposite said second end (47) of said movement 

55 path (45); 

a first magneto resistive structure (71) disposed in 
said first narrow gap (54) between- said pair of flux 
plates (51, 56) having an electrical resistance de- 
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pendent upon the magnetic flux therethrough; 
a second magneto resistive structure (73) disposed 
in said second narrow gap (58) between said pair 
of flux plates (51, 56) having an electrical resis- 
tance dependent upon the magnetic flux thereth- 
rough; and 

an electrical circuit (Fig.5) connected to said first 
and second magneto resistive structures (71, 73) 
for measuring said electrical resistance of said first 
and second magneto resistive structures (71, 73) 
and generating a positive signal indicative of the 
position of the multiturn shaft (10) proportional to 
the difference between said electrical resistance of 
said first magneto resistive structure (71) said elec- 
trical resistance of said second magneto resistive 
structure (73). 

10. The multiturn shaft position sensor as 
claimed in claim 9, wherein the multiturn shaft (10) 
is connected to a vehicle steering wheel and said 
position signal indicates the position of the steering 
wheel. 

11. The multiturn shaft position sensor as 
claimed in claim 9, wherein said magnet (40) is a 
permanent magnet. 

12. The multiturn shaft position sensor as 
claimed in claim 9, further comprising: 

a first flux shunt (61) formed of a material high in 
magnetic permeability disposed between said pair 
flux plates (51, 56) opposite said first end (43) of 
said movement path (45) for shielding said first 
magneto resistive structure (71) from direct mag- 
netic fields from said magnet (40), whereby the 
magnetic flux through said first magneto resistive 
structure (71) is primarily from said pair of flux 
plates (51. 56); 

a second flux shunt (63) formed of a material high 
in magnetic permeability disposed between said 
pair flux plates (51, 56) opposite said second end 
(47) of said movement path (45) for shielding said 
second magneto resistive structure (73) from direct 
magnetic fields from said magnet (40), whereby the 
magnetic flux through said second magneto resis- 
tive structure (73) is primarily from said pair of flux 
plates (51, 56). 

13. The multiturn shaft position sensor as 
claimed in claim 9, wherein: 

said distance between said pair of flux plates (51 , 
56) varies with the distance from said first end (43) 
of said movement path (45) whereby said differ- 
ence between said electrical resistance of said first 
magneto resistive structure (71) said electrical re- 
sistance of said second magneto resistive structure 
(73) changes linearly with the distance of said 
magnet (40) from said first end (43) of said move- 
ment path (45). 

*14, The multiturn shaft position sensor as 
claimed in claim 9, wherein: 
the magnetic permeability of said pair of flux plates 



(51, 56) is varied with the distance from said first 
end (43) of said movement path (45) whereby said 
difference between said electrical resistance of said 
first magneto resistive structure (71) and said elec- 
5 trical resistance of said second magneto resistive 
structure (73) changes linearly with the distance of 
said magnet (40) from said first end (43) of said 
movement path (45). 

15. The multiturn shaft position sensor as 
10 claimed in claim 1 4, wherein: 

said magnetic permeability of said pair of flux 
plates (51, 56) is varied by varying the thickness 
(59) of said flux plates (51, 56) with the distance 
from said first end (43) of said movement path 
75 (45). 

16. A multiturn shaft position sensor for detect- 
ing the position of a multiturn shaft comprising: 

a magnet (40) for generating magnetic flux; 
a means (30) connected to the multiturn shaft (10) 
20 and said magnet (40) for converting multiturn mo- 
tion of the multiturn shaft (10) into linear motion of 
said magnet (40) along a predetermined movement 
path (45); 

at least one magneto resistive structure (70) dis- 
ss posed for receiving said magnetic flux from said 
magnet (40) which differs depending upon the loca- 
tion of said magnet (40) along said movement path 
(45), said at least one magneto resistive structure 
(70) having an electrical resistance dependent on 
30 the magnitude of received magnetic flux; 

an electrical circuit (100) connected to said at least 
one magneto resistive structure (70) for measuring 
said electrical resistance of said at least one mag- 
neto resistive structure (70) and generating a posi- 
35 tion signal indicative of the position of the multiturn 
shaft (10) proportional to said electrical resistance 
of said at least one magneto resistive structure 
(70). 
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